ABSTRACT p-Couimaric acid (4-hydroxycinnamic acid) and ferulic acid (4-hydroxy-3-methoxycinnamic acid) have been identified as conistituen-ts of cutin. Their reduction products were isolated fromi a phenolic fraction released from the cutin of the fruits of apple, peach, pear, and two varieties of tomato and apple leaf by treatment with LiAlH4 or LiAlD4. They were identified by comlibined gas chromatography and mass spectrormetry. p-Cotimaric acid was present in all samples of cutill (0.07-O.5i3% by weight), whereas only peach and pear cutin con-tainied measuirable aniotunits of ferulic acid (0.007% and 0.035.%, respectively). Both p-coutnaric acid and ferulic acid were idenitified to be conistituients of the insoluble material recovered after partial hydrolysis (12-42% loss) of cutin in 1 M NaOH at 80 C. A significanit part (48%) of the p-coumlaric acid contain-ed inl tomato cutin was contained in the insoluible material recovered after partial degradation (7.4%) of this cutin with 0.01 m NaOH. These data indicate that these phenolic components are tightly (possibly covalently) bountid to ctutin. Similar analysis of the phenolic fractions froni the stuberins of potato, sweet potato, turnip, rutabaga, carrot, anid red beet revealed that they contained onily fertilic acid (0.0.5-0.22%). Ferulic acid was identified as a constituen-t of the insoluible m-laterial recovered after partial hv-drolvsis of potato and beet suberins (34% and 32% loss, respectively) in 1 m NaOH at 80 C. A major part (65%) of the fertulic acid conitain-ed in potato suberin was contained in the inisoluble inaterial recovered after partial (26.8% loss) degradation of this suberin with 0.01 M NaOH. Fertulic acid appears to be tightly (probably covalently) bound to suiberin.
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Cutin, the structural component of plant cuticle, is a polymer of hydroxy fatty acids (8) . The common major components of this polymer are palmitic acid, 16-hydroxypalmitic acid, 10,16-dihydroxypalmitic acid, or its positional isomers, oleic acid, 18-hydroxyoleic acid, 18-hydroxy-9, 10-epoxystearic acid, and 9, 10, 18-trihydroxystearic acid. The composition of the aliphatic components of suberin from the underground parts of plants is somewhat similar to that of cutin; however, there are significant 1 quantitative differences between the composition of these two types of protective polymers (5-8). One major difference appears to be that suberin preparations contain quite large proportions of phenolic materials, while cutin preparations contain very little phenolic compounds, although the phenolics which might be present in cutin preparations have not been examined. In this paper we report experimental evidence which strongly suggests that p-coumaric acid and 'or ferulic acid are covalently attached to cutin and suberin.
MATERIALS AND METHODS

Isolation of Phenolic Compounds from Cutin and Suberin after
LiAlH1 and LiAID4 Degradation. Powdered cutin from apple leaf and fruits of apple, tomato, peach, and pear were obtained as previously described (11) . A 500 mg sample of each cutin was degraded in refluxing tetrahydrofuran (25 ml) with an excess of LiAIH4 for a period of 24 to 48 hr. The excess LiAlH4 was decomposed by the slow additon of the reaction mixture to 50 ml of H20 and the mixture was acidified with concentrated HCI.
The aqueous layers were extracted with ethyl ether (2 x 100 ml) and the combined ether layers were extracted with 5 % aqueous NaOH (2 x 50 ml). The basic layers were combined, acidified with concentrated HCl, and extracted with ether (2 x 100 ml).
The phenolic compounds from the ether extract were purified by TLC (systems A and B) and identified as their di-TMS2 or diacetate derivatives by combined GLC-MS. The same procedure was used for the identification of LiAlD4 reduction products. A 250-mg sample of carrot suberin and 500-mg samples of the suberin from potato, sweet potato, turnip, red beet, and rutabaga, isolated as previously described (7), were degraded with LiAlH4, and the phenolic compounds from these samples were isolated by the methods described above for cutin samples. The diacetates were purified by TLC (system C) and identified by combined GLC RESULTS AND DISCUSSION Cutin from the fruits of apple, peach, pear, and tomato (scout and starfire varieties), and apple leaf were degraded with LiAlH4 and LiAlD4, and p-coumaric acid and ferulic acid were identified as di-TMS and diacetate derivatives of their reduction products, dihydro-p-coumaryl alcohol and dihydroconiferyl alcohol (Fig.  1) . The same procedure was used to identify ferulic acid in potato, turnip, carrot, sweet potato, rutabaga, and red beet suberins. TLC of the crude phenolic fractions isolated from the hydrogenolysis products of cutins and suberins gave spots whose RF values were identical with synthetic samples of dihydro-p-coumaryl alcohol and dihydroconiferyl alcohol. Dihydro-p-coumaryl alcohol was isolated from the crude phenolic fractions by TLC (system A, RF -0.38; system B, RF-0.31) and further purified by TLC as its diacetate derivative (system C, RF -0.15). Dihydroconiferyl alcohol was isolated and purified in a similar manner (system A, RF-0.34; system B, RF-0.1; diacetate, system C, RF I 0.1).
GLC-MS analysis of purified dihydro-p-coumaryl alcohol and dihydroconiferyl alcohol as di-TMS and diacetate derivatives gave peaks whose retention times were identical to those of synthetic standards (dihydro-p-coumaryl alcohol:di-TMS, 5 ample is represented by the gas chromatogram of the acetylated phenolic fraction obtained from peach cutin (Fig. 2) . The mass spectrum of component 2 ( Fig. 3) was identical to that of authentic dihydro-p-coumaryl alcohol diacetate and the mass spectrum of component 3 (Fig. 4) (Fig. 3) shifted from m/e 236 in the undeuterated compound to m/e 239 in the deuterolysis product. The base peak at m 'e 134 shifted to 137 and a peak at 107 shifted to 108. Ion fragments of derivatives are listed in Scheme I. Identical shifts were observed between these ions in the mass spectra obtained from the reduction of synthetic p-coumaric acid with LiAIH4 and LiAlD4. LiAlD4 reduction of cutins and suberins produced dihydroconiferyl alcohol containing 3 deuterium atoms which were similarly distributed. Major ion fragments for the derivatives of dihydro-p-coumaryl alcohol and dihydroconiferyl alcohol are listed in Scheme I.
The identification of the structures of dihydro-p-coumaryl alcohol and dihydroconiferyl alcohol obtained from the LiAlH4 and LiAlD4 reduction of cutins and suberins indicates that they were in fact present as p-coumaric acid and ferulic acid in cutin and suberin.
Quantitative analysis by combined GLC-MS showed that all of the cutin samples examined contained p-coumaric acid. Both varieties of tomatoes contained the most p-coumaric acid (-0.5%) and peach contained the least (-0.07 %). Only peach and pear cutins contained detectable amounts of ferulic acid. Pear contained the most ferulic acid (-0.03 %) and peach the least ( <0.01 %) (Table I) .
Suberin samples isolated from potato, sweet potato, turnip, rutabaga, carrot, and red beet were also subjected to analysis for phenolic components in a manner similar to that used for cutin. In all of these cases, dihydroconiferyl alcohol was the only phenol which could be detected by the present methods, strongly suggesting that all of these suberin samples contained ferulic acid. Quantitative analysis showed that sweet potato suberin contained the highest amount of ferulic acid (Table I) .
The phenolic compounds identified could have been either physically adsorbed to cutin and suberin, or they might be covalently attached to these polymers. In an attempt to distinguish between these two possibilities, cutin and suberin samples were first treated with 0.01 M NaOH at room temperature for 4 hr. Under these conditions, varying amounts of degradation of the polymer occurred. The residual polymeric material contained substantial portions of the phenolic materials. For example, even though 18.6%" of apple leaf cutin was removed by the mild treatment with alkali, virtually all the ferulic contained in the original material was recovered from the insoluble residue. In this case, there is a possibility that the cutin sample could have contained small amounts of lignin arising from the vascular tissue of the leaf. Similar treatment of starfire tomato fruit cutin preparation, which could not have been contaminated with lignin, resulted in almost 10% loss of the polymer, but at least one-half of the total amount of p-coumaric acid contained in the cutin was still attached to the insoluble material recovered after the alkali treatment. Similarly, treatment of potato suberin with 0.01 M NaOH resulted in solubilization of over one-fourth of the polymer, but about two-thirds of the ferulic acid contained in the suberin preparation remained attached to the insoluble material recovered after this treatment. Treatment of cutin and suberin samples with 1 M KOH at 80C for 5 to 15 min resulted in 10 to 42%7c loss in weight. In all cases, the insoluble material recovered even after such treatments contained p-coumaric acid and, or ferulic acid. It appears that p-coumaric acid and, or ferulic acid are tightly attached to cutin and suberin. It is tentatively concluded that they are covalently attached to these protective polymers.
The purpose of the present investigation was to examine the possibility of covalent attachment of phenolics to cutin and su-LITERATURE CITED
